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was designed to verify an algorithm to detect

solar flares and to show the feasibility of an on-board solar
flare monitoring system.

Method

SFLARE uses an algorithm developed by the sponsor
to detect solar flar activity. A digitized picture of
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TITLE: ©  SFLARE - Solar Flare Detection

AUTHOR: R. R. Singers

SPONSOR: R. K. Agarwal

DATE: January 26, 1969

LANGUAGE: FORTRAN V

KEYWORDS : Solar, Flare, Pattern recognition
Purpose

SFLARE was designed to verify an algorithm to detect
solar flares and to show the feasibility of an on-board solar
flare monitoring system.

Method

SFLARE uses an algorithm developed by the sponscr
[1] to detect solar flare act1v1ty. A digitized picture of
the sun with flare act1v1ty is analyzed with the algorithm
detecting flare act1v1ty above a glven threshold to simulate
the monitoring system. -

Usage

SFLARE uses a binary (free format) tape input on
unit 2, logical unit B. The tape contains 1001 records each
containing 1024 words. Each tape is the digitized results of
a solar flare picture.* The picture was divided into 1001
lines (records) with 1024 picture elements (words) per line.
These elements were then converted to intensity values. between

. *See [1l] for a sample of the pictures which were digitized.
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0 and 63 (brightest). The results were then stored on a tape,
each line corresponding to a record and each element of a

line corresponding to a word of that record (See Figure 3 for
Table of Bellcomm tapes used and their corresponding threshold
values.).

Output'is in the form of a table containing the area,

“centroid, average and peak intensities of each flare (Figure 1).

A picture is then plotted (SC-4020)* of the sun and all detected
flares to show relative position (Figure 2a). If any flares

of importance (area greater than 158 elements) are detected, one
or more of the following pictures are also plotted:

1. the sun and flares of importance 1
(158< area <396)

2. the sun and flares of importance 2
(395< area <953)

3. the sun and flares of importance 3(+)**

(592< area) .

(See Figure 2b.)

Sample Run

Hydrogen line filtered pictures of the sun showing
flare activity were digitized at Bell Laboratories and used to
test the algorithm. The processed pictures can be found in [1].
Sample outputs from one of the pictures are shown in Figures 1
and 2. In this run, the threshold constant (arbitrary intensity
value which distinguishes the flares from their background) was

set to 20.

*These routines are found on the first two files of $SCPLT.

**%3(+) implies the inclusion of flares of importance
4(1895< area) with those of importance 3.
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Program Description

All arrays are variably dimensioned for ease of change.
The four parameter variables are defined as follows:

'NEL - number of elements (e)

- NOB - nﬁmber of objects (¢)

- NLI - number of lines (L)
LPERO -

number of lines per object (LK)

The relationship between these parameters (e, ¢, L, LK) may be

found in [1] in the form of a nomograph. The threshold constant,
Q, is also a parameter variable.

It should be noted that the algorithm as programmed
is not designed for speed. 1In particular, the search for an
unused line and the check for used lines may be refined by
"marking" the lines in the master list and doing all searches
and/or line checks from the master list. One way of doing this
is with the sign bit, the sign of an unused line being + and a
used line -. The line check then involves checking only the
sign bit of the line involved instead of comparing the line with
all previously assigned lines. A similar time decrease is
attained in the search for unused lines.
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BELLCOMM, INC.

Table of Bellcomm Solar Flare Tapes
Picture Tape Threshold
Number Value Q
1 1843 36
2 2180 20
3 1667 27
L 1420 28

Figure 3
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APPENDIX A

Listing of the program as set up for the
sample run.
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PAKAHETLR STATEMLNTS »
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IF(DISTII23412%,122
122 TTCONTINUE B B
CIFCLEAGTHOLIOP ) « GL e ABSIDIST)) GO TO 123
CC=C+) ’ '
1=]+1
GU TO 115
123 COUTIHUE
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-feCOQHECTEQa PARK AND COWTINUE UNTIL E IS DLELETED.

DO 165 TI=1,LP |
FFALZ2ZUTT) o EQaD(Ryd~1)+LE) GO TU 157 !
CONT LIJE

LesLpel 0 0 B ' |
LZ{LP)=DIK gdm])+LE
CCONTINUE - o
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DO 205 J=1,Jd
LRI=LLIDIR 1) 3 d)=i+d
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evesndl yCUiPUTE THE‘D]FFﬁﬂﬁmcﬁS 11 PEAK
AND AREMNS

DIPEARLI) =P IPLaR{JYI=~TPEAK (1)
DIAVOSI=P IAY(JI=LAViK)
DAREA(I) =P ARLATJI) =aREA(K)

GO TV 22% ' '

ARD AVERAGU ITHTENDITILS




235

laalaEaKe!

el al

[a N e

[aN e

2507

[aNa]

N o

2495

Ia¥e)

205

DRAY SUijs

CU.T LilUE
e ldUT SAME ZPICK U HEAT 02Ji3T0 .

NN

FP(RLELOBdS+1300 70 216
CUNTINUE

K=}

NENES!

ir{deltePusds+llan TO 215
CONTINUE

UPOATE pREVIOUS 0BJLCT
DO 235 K=1,08J8
CTPIPEAR(IR I =P ARIK ;T 770
PIavIiRI=Inay (K}
PAREAIRY=AREA{TKY
PA3ARIN)=X3AR(K)
PYsak{h)=YS3ARINY
CCONTIHUE
PPOBJS=ROBIS
PUﬁJSﬁOQJS
PL.OT' SOLAR I‘LI\‘;\E'.:& ar e
CALL SUR{1,PyP?)
DAl AL FLARES.
DY 245 K= 40805
Caile FLARE(KR P2PPP,D)
CONTINUL
DRAG ALL FLARES OF TUPOURTASCE 1 IF AMY EAISTe
IF(INHP] s EQa0) G0 TO 255
e e DRAW SyUile
Cilll, SUN{2Z,PPP)
s oo DAY FLARES
DU 250 K=1,08J3
IF(AREALIR ) oG T e lLELAHND e AREA(K) oL T2 396
)
CONTINUE
CONTINHUE
DAY ALL FLARLS OF THPORTANCE 2 1F ANY E£XISTe

[FCInPZ«EQ. 0160 Tu 264

e DN AN DU i e

CALL FLARE(R,PyFP,D)




. CALL SLIl3, P,

C‘
e evrdnAN FLARES i
co M _ :
Dl 260 K=l ,0nds
IF(ARLAIR) oGl e 320 e A0 e ARCA IR I 2L T e ZGL3)CALL FLARE (K P 3P, 0}
260 Conwljnvug
2o  CudTIHUE
C
C PRA G ALL FLARES OF ITHPORTANCE 3 IF ANY EALST
C
IF(LiPAsEdau}tad TO 274
C v ot DRAW SUl ’
C
S TUCALL SUNLHE,.PyPP)
C
T T T e e DRAW FLARES W
C
o T ' DU 270 K=E1L,0BJdS
TR OAREATIK) aGT e 75 2) CALL FLAREAK,P,PP,0
o ) AN vipatr et MO . :
270 CONTINUVE
275 7 CONTINUE
IHpPL=0
142=0
Ip3=n
e e T T
GO T0 &
e DR
C FORMAT STATEMENTS «
p . STl T
5010 FORMAT(Z v THE NUMBER OF ELEMEUTS 135 1¢,110/7% THE nUHBUR
«OF LINES IS 3v11a/) ' ' ’
1690 FORMATA(/ZY RESULTS OF FLARE DETECTIONI /732, "CENTRUIL?,
. TS LA RS i TY /TN TUBJECT ¢y TI7 ,YAREAY 3 T29 Y 3 T3, 057,
. TA7 4P PLARY s THAy tAVLRALLY)
Foul T FOHAT(ATI0)
C
¢ e
SUBROUTTHE SUHLT PPP)
“c Lo L T
C THIS SUBROUTIHE DRAGS THE OUTLIME OF THE Suid ON EACH FRAME,
“c S T T T
C HHUN I=)1,'Call, CAMRAVIZ3%) YIS ALSHD CALLED
¢ .. i AR R o7 . o
REal, DaPP it
ODIAEASTON PIHEL) »PPINEL)Y »TOPYILLR) Y/
. ' SOLAR FLARES OF [HPORTANCE AV
' ' IF(lebWel) CALL CAFICAV (93 :
C
T BULLD SO ARRAY .
C

TREL500

PO 24U K=0,900

P+l }=R=STH{«UNT7aK)I+D (20

PP(K+11=5000=R>CO3 007 5K)
20 ' T CONTINVE



[

0

[N o

o~

w

v

TOPTL(7 )= ~Aall "

IRl oW 2D TP L/ )Y QuiE ¢
IF(uebEwe3)T0PTL(7 )= Tu0 A
[P tletGa @) TOPTRA7)=Y THREL?®

FLUT Suide

CALL fiCPLUT(f‘)i'I'T)!‘I’Ul'l,"];(),z,l,:1,"{2,2{),5'/:_“911,l’lv’lux,t"
s 100U 4O, TUP L,

' ‘ YeuR1U COURDINATES ',

. » KGRIV CUURDIRATES 1)

RLTurnW

SUBRUUTINE FLARE(] 4P ,PP,D)
THIS SUARROUTIRE BUJLDS AND DRAWS OWE SOLAR FLARE PER CALLs

REAL PLNEL) PPINELI ALY gD
TUTEGER D008, LPERY) ‘
DIMEASION LEHGTH L) 5L (NL T ,2)
COMon LENGTH L ) ’ o
JK=NOBJ(])
RES!

DO 10 J=1,JK
PI=LINE(DU] ,JY ) -1
VY=FLo(O, LDl 050 ))
dasthulllytis by,
IF(JabEQel) XImlA+ld+y
IF(Jdebweg )Y (=1Y 7~

DO 16Y JLSUIIJ
PF(JL+Jdi)=1x+JL
PE(JL+III=TY
COHT I NUE
JI=sdi+1l g+
conrTinug

Ji=dil=!

CNL=2
IF(Jlebtdel} HNL=1
CALL SCPLOTUP PPy I sty Oyiilsl sl stiZ2,20a320e92)
D=
LX=HXV (XTI}

IY=HYVIYL)
CALLLAULV(UJ ,13;17’;‘&,2.3)

KETURN

£t
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